[Three-dimentional organization of synapses and astroglia in the hippocampus of rats and ground squirrels: new structural and functional paradigms of the synapse function].
The literature data and our own data on the synaptic plasticity and remodeling of synaptic organelles in the central nervous system are reviewed. Modern techniques of laser scanning confocal microscopy and serial thin sectioning for in vivo and in vitro studies of dendritic spines, including the relationship between morphological changes and the efficacy of synaptic transmission, are discussed using, in particular, a model of long-term potentiation. The organization of dendritic spines and postsynaptic densities of different categories as well as the role of filopodia in spine genesis were analyzed. It was shown that the method of serial ultrathin sections is the most effective for unbiased quantitative stereological analysis and 3D reconstructions. By using the refined method of serial ultrathin sections with subsequent three-dimensional reconstructions, the presence of giant mitochondria in hippocampal neuronal dendrites was demonstrated. It was shown that smooth endoplasmic reticulum forms a unified continuum with the outer membrane of the mitochondrial envelope within dendrites. It was suggested that this continuum provides calcium tunneling, which makes possible intracellular signal transduction during synaptic transmission. Evidence is presented indicating the presence of gap junctions ("electrical synapses") in the synapses of mammalian brain, as well as between glial processes, and between glial cells and neurons. Our data and the data of other authors show that glial cell processes form a structural and functional glial network, which modulates the functioning of the neuronal network. The connection of dendritic spines with the glial network is shown on 3D reconstructions by analyzing the neuropil volume in CA1 hippocampal area of ground squirrels in three functional states: normothermia, provoked arousal, and hibernation when brain temperature falls below 6 degrees C. The own data of the authors are discussed indicating the formation of more than five presynaptic boutons (multiple synapses) on both CA1 mushroom-like dendritic spines and CA3 thorny excrescences. On the basis of the analysis, new ideas of the organization and functioning of synapses were suggested.